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the physics of the process in analytical, numerical, and heuristic models, using, where necessary, approximate solutions and precalculated results, and learning to increase system responsiveness. The simulator must run fast enough to hold the attention of the user through "what if" analyses of process design and operational options. The models should be patterned after computer models that simulate aircraft flight and operation,- they must be fast enough to give the user the feeling of controlling the process, and user interfaces should rely heavily on rapid, real-time graphics and permit, as required, system reconfiguration and analysis of process output data.
The processes used to produce AEMs involve a broad spectrum of physical phenomena, which must be incorporated into the simulator models. Available models usually focus on a limited subset of individual phenomena, which themselves may entail considerable approximation and computation. Because most real processes involve many phenomena operating simultaneously and synergistically, the challenge is to develop an integrated set of models of the materials system that operate fast enough for the proper functioning of a simulator. One way to increase simulation speed is to establish a hybrid modeling approach that combines precalculation with enhanced numerical models founded upon reduced-order models.
Process simulation for materials and process development for IPM implementation requires models that predict the evolution of microstructure. Prediction of the influence of thermal and fluid flow and deformation processing on residual stresses and micro-structure is especially difficult because of the relative lack of sophistication of microstructural modeling and the difficulty of symbolically describing microstructural features.
Ideally, the process simulator should be usable in several modes to enhance material quality and speed the move from materials development to production implementation. It should be able to deduce directly the combined effect of materials design and process planning on product characteristics and the effects of these characteristics on properties. It also should be able to determine which process parameters and intermediate microstructural characteristics exert the greatest impact on materials properties and product quality, thus facilitating identification and ranking of sensor needs and formulation of intelligent control procedures. Finally, the simulator should aid in diagnosing on-line production difficulties and replanning to correct deviations from the intended process trajectory.